With the objective of determining maize's specific water requirements in different soil cover conditions in a Cerrado region of Mato Grosso, Brazil, this study used the dual's crop coefficient (Kc dual) approach, according to FAO methods. An experiment was carried out in 2016, with three treatments: without vegetation soil cover; soil cover of 4 t ha -1 and soil cover of 8 t ha -1 dry matter of brachiaria grass. The used methodology accounts for crop's transpiration component (through its basal coefficient, Kcb) and soil evaporation component (through its coefficient, Ke), which were determined for initial, intermediate and final phases of crop development. Experiments were carried in lysimeters to determine crop's evapotranspiration, and in microlysimeters to determine soil evaporation. Crop's transpiration, on three soil coverage treatments, showed overall highest values for the treatment with greater coverage (Kcb maximum values of 0.88, 1.00 and 1.03 from the lowest to greater soil coverage), while between crop's phases, coefficient values were always higher at the intermediate stage, presenting decreases with crop senescence. Soil evaporation was highest on treatment without coverage in all crop's stages (Ke = 0.37-0.78) and lowest in the treatment with greater coverage (Ke = 0.11-0.35). Yields were higher on treatments with coverage (9929.18 and 9939.52 kg ha -1 for treatments with 4 and 8 t ha -1 ) and lower when cultivated in soil without cover (8264.67 kg ha -1 ). Despite relatively higher crop's transpiration with greater soil coverage, this treatment was identified as the best management option in the assessed tropical region of Brazilian Cerrado, in terms of rational use of water, due to lowest losses through evaporation, as also providing the highest grain yields.
environmental impacts. Thus, it is fundamental to adopt practices that favor the increase of the efficiency of water use to increase the productivity of the crops.
The state of Mato Grosso has 67,071 hectares of irrigated area, presenting a growth of 117.3% from 2006 to 2013, according to the National Agency of Waters [ANA] (ANA, 2013) . Although Brazil is the third country worldwide in terms of irrigation potential, it is necessary to perform a rational irrigation management, providing adequate water application to each crop, according to the water requirements for each phase of its development, according to the Food and Agriculture Organization of the United Nations [FAO] (FAO, 2013) .
Determining when and how much to irrigate each crop is a crucial factor for the optimization of water resources and obtaining a higher economic return of the irrigated crop (Wagner, Jadoski, Maggi, Saito, & Lima, 2013) . A widely used tool for accurate quantification of crop water consumption is the use of crop coefficient (Kc). The Kc accurately shows the water consumption of the plant according to each phenological phase, allowing to estimate the need for irrigation, preventing excess and water scarcity, meeting plant's specific needs and providing reduction of water wastes (Faria, Campeche, & Chibana, 2006; Ferreira, Pavani, & Bastos, 2013; Santos, Sobrinho, Medeiros, Moura, & Nunes, 2014) . For the determination of Kc, crop's evapotranspiration (Etc) is determined and divided per potential evapotranspiration (ETo). Considering that ETo represents the evaporative demand of the atmosphere, Kc represents the magnitude with which the crop meets this demand. Therefore, the determination of precise values of Kc for the different crops has great importance when dealing with crop's water requirement. The most recommended manner to perform this is to relate ETc measured by weighing lysimeters with estimated ETo from meteorological station data through the Penman-Monteith method (Allen, Pereira, Raes, & Smith, 1998) .
However, to improve the efficiency of measurement of water consumption from plants in field conditions, FAO 56 defined that Kc can be fractionated into two parameters, which allows a detailed study of the quantification of evaporated water from the soil and transpired water by the plant. This approach relies on the determination of soil evaporation coefficient (Ke), determined by the ratio between soil evaporation (E) and ETo; and on the determination of the basal crop coefficient (Kcb), determined by the ratio between plant transpiration (T) and ETo. Thus, Kc dual is calculated by the sum of Kcb and Ke, (Kc dual = Kcb + Ke) (Allen et al., 1998) . Several studies have employed FAO methodology of Kc dual, wether on a single basis (Liu & Luo, 2010) , adapting its methodology (Ding et al., 2013) or even working together with water balance models (Martins et al., 2013; Zhao et al., 2013) , all with good accuracy results. In general, these studies aim to improve water conservation issues and irrigation water management, pointing to its environmental and economical importance.
If in humid conditions, where there is no transpiration limitation, the environmental factor that may change evaporation rate is the soil cover during crop growth and the soil cover by organic residues on top soil (Martins et al., 2013) , as in no-till systems (Dalmago et al., 2010) . Considered a conservationist practice, soil cover changes the soil-water relationship, maintaining its moisture for a longer period of time, contributing to reduce the process of soil water loss through evaporation, as well as providing improvements in soil structure, reducing soil erosion and compaction, due to the increase in the organic matter content and improvement of soil microbiota. Thus, soil coverage can contribute to reduce the frequency of irrigation, besides providing increase of agricultural productivity and being economic more sustainable (Andrioli & Mello, 2012; Cardoso, Silva, Carvalho, Freitas, & Avanzi, 2013) . Therefore, studies aiming to quantify the rate of evaporation in certain quantities of straw are necessary to better assess the magnitude with which condition of soil coverage provides the most suitable results.
Considering the above, the objective of this study was to determine the influence of soil cover on the Kc dual of maize in a southeast region of the State of Mato Grosso.
Method
The experiment was carried out in the experimental area of the State University of Mato Grosso-UNEMAT, Campus of Tangará da Serra, at the area of the Center for Research, Studies and Agri-Environmental Development-CPEDA, in the Agrometeorology Laboratory in 2016.
At the experimental area, geographic coordinates of 14°65′00″ S and 57°43′15″ W and at 440 meters of altitude, there is an automatic meteorological station (Campbell Scientific) installed with a Data Logger CR1000, performing data storage every 15 minutes. Hourly data of time, temperature, relative humidity, rainfall, solar radiation, wind speed and atmospheric pressure were used in the present study.
The study area presents a well defined dry season between May and September and a rainy season between October and April. The average annual rainfall is of 1,830 mm and the annual average temperature is of 24.5 °C Table 1 . Soil chemical analysis in the 0-20 cm depth of the experimental area at UNEMAT in Tangará da Serra-MT Note. *AGROANÁLISE-Laboratory, Cuiabá-MT (May/2016).
Irrigation was performed using a sprinkler irrigation system, composed of 6 sprinklers (model Eco 232, Fabrimar, Rio de Janeiro, Brazil), with a service pressure of 30 m.c. and spaced 12 × 12 m between emitters and lateral lines, respectively. The system presented a Christiansen Coefficient of Uniformity of 86% and an irrigation intensity of 9.76 mm h -1
. Irrigation depth was calculated according to the need to restore water to the plants. This necessity was obtained by means of the variation of water storage in the soil of the weighing lysimeters. The irrigation shift was always performed after 6:00 p.m. to avoid interference with the measured evapotranspiration from the lysimeters.
For the determination of maize crop evapotranspiration (ETc) throughout the cycle, the load cell readings were obtained from records with a 5 second frequency of measurement and 15 minutes frequency of data storage. Data collection started at 15 days after crop emergence, and the brachiaria straw was arranged in the lysimeters on the 14 th day after emergence of maize, totalizing 97 days of data collection during the crop cycle. The negative variation of the mass of the lysimeters in a given period of time corresponds to the amount of water lost to the atmosphere, as presented in Equation 1:
where, Etc: crop evapotranspiration (mm period ).
After obtaining data from the lysimeters and the meteorological station, the ETc and the ETo were calculated. Through the ratio between both evapotranspiration values, the Kc value was obtained by Equation 3.
where, Kc: single crop coefficient.
For the determination of the soil evaporation coefficient, nine microlisymeters of 150 mm diameter and 300 mm height were used, located in the border of the experimental plots at 5 meters of distance from the weighing lysimeters, to determine soil evaporation and evaporation coefficient of the soil (Ke) daily, according to the methodology proposed and adapted from Flumignan, Faria, and Lena. (2012) .
Data collection from the microlysimeers was performed daily and at the same time, at 6:00 a.m. and 6:00 p.m. hours, by means of manual weighing in a precision scale. Due to the period during which the experiment was carried out, there were no occurrences of rains with an intensity greater than 20 mm and there was no possibility of saturation of the microlysimeters, although some irrigations reached a leaf of 30 mm in the initial phase of the culture, the microlysimeters were removed from the area to avoid possible saturation.
Soil evaporation was determined in millimeters (LMS), as according to Equation 4:
where, E ML : microlysimeter evaporation (mm); Considering the water evaporation from the soil, there are two main situations, (i) when the soil is wet (by irrigation or rainfall) soil evaporation happens at maximum rate, but the crop coefficient (Kc = Kcb + Ke) can never exceed the maximum value, Kc max , determined by the available energy for soil surface evapotranspiration (Kcb + Ke ≤ Kc max ) or Ke ≤ (Kc max -Kcb); and (ii) when the soil surface dries, less water is available for evaporation and a reduction in evaporation begins to occur proportionally to the amount of water remaining in the soil surface layer (Equation 8).
where, Kc max : maximum Kc value after rainfall or irrigation; Kr: coefficient of reduction of evaporation dependent on the cummulative amount of depletive water (evaporated) of soil surface; few: surface soil fraction evaporation.
For the determination of Kcb and Ke coefficients, crop's phenological phases were observed at field conditions according to FAO-56 (Allen et al., 2006) , where: I) initial phase: from planting to 10% of soil coverage (sowing-emergence); II) growth phase: from the end of the initial phase to 80% of the soil coverage (tasseling-flowering); III) intermediate phase: from 80% of the soil coverage to the beginning of maturation, (production-grain filling); IV) final stage: from the beginning of physiological maturity to harvest (maturity-harvest). Number of days for each phase occurred from the development of crop in the field experiments.
Results and Discussion
The daily rainfall, irrigation, and average temperatures from sowing to harvest are presented in Figure 2 . Rainfall and irrigation were of 262.02 and 595.48 mm, respectively, totaling an amount of 857.5 mm during the growing period. Cruz et al. (2010) reported that maize requires a total of 600 mm of water, while the ideal range for the crop, according to Santos et al. (2014) , is considered to vary from 400 to 700 mm. This large variation due to water needs is due to aspects of sowing season, crop cycle and atmospheric demand of each region (Silva et al., 2012) . Therefore, the sum of the precipitated water volume and that provided by irrigation during the period of conduction of the experiment, meet the water requirement of the crop.
jas.ccsenet. Vol. 11, No. 13; 2019 Values close to these were found by Santos et al. (2014) , and presented a total of 300.54 mm, measured by weighing lysimeters in a conventional tillage system. In a study with the hybrid Eldorado (115 days of cycle) in the municipality of Seropédica-RJ, Souza et al. (2012) determined ETc by weighing lysimetry and obtained a cumulative total of 394.00 mm. These ETc values are close to those obtained in this study; however the regions present influences of the different edaphoclimatic conditions.
The difference between the accumulated ETc between T1 and T3 was 3.84 mm, however, the dynamics in the water use between these treatments was different. While the evaporation component of the soil remained high in relation to the transpiration component of the plant in T1, in T3 it was verified a lower evaporation of the soil and greater transpiration of the plant. This fact is explained by the greater availability of water in the soil to the plants, increasing plant transpiration in T3 when compared to T1.
As for crop's coefficients, this inverse behavior between treatments without soil cover and with 8 t ha -1 can be observed in Figure 4 , where the daily Kcb and Ke curves for the crop are presented. For the treatment without soil cover ( Figure 3A) , in the initial phase (from 1 to 30 days after emergence, DAE) and in the development phase (from 31 to 70 DAE) Ke presented higher values than Kcb, already in the intermediate phase (71 to Zhao et al. (2013) , also working with Kc dual on a model-basis and microlysimiters, found an overall good agreement between simulated and observed soil moist data for wheat ad maize, although they did not use weighing lysimeters. The use of Kc dual approach on a model-basis is a promising application to automatize irrigation management with good accuracy on crop's demands (Ding et al., 2013) The measured Kcb presented lower values than estimated in all treatments and in all stages of crop development, as can be observed in Table 2 . These differences are acknowledged and may be related to climate, soil and the hybrid used (Allen et al., 1998) . Liu and Luo (2010) stated that Kc dual provided better agreement of crop's coefficients for wheat and summer maize when compared to lysimeter data. Regarding Ke coefficient, its behavior was inversed to that found for Kcb. In addition, greater differences were observed between their measured and estimated data (Table 2) , indicating a greater tendency of soil variability as a function of texture and humidity. Thus, the quantity of soil water, influenced by the effects of soil cover, can promote major changes and variability in evaporation values (Gava et al., 2013) .
Similar trends to those obtained in this study were observed by Fenner et al. (2016) , in which the measured Kcb values were lower than those observed in all stages of bean development, while the observed values of Ke were always higher than the estimated values. According to these authors, such differences can be attributed to the specific characteristics of the genetic material and the peculiarities of the regional climate, which may provide greater demand for evapotranspiration in the region.
Regarding fractions of Kc by Kcb and Ke, respectively, the treatment without soil cover presented 55.97 and 44.02%, the treatment with 4 t ha -1 of soil coverage presented 74.82% and 25.17%, and the treatment with 8 t ha -1 of soil coverage presented 79.22 and 20.77%. While cultivating beans without soil cover in the same region of the present study, in Tangará da Serra-MT, Fenner et al. (2016) found the fractions of Kc by Kcb and Ke, respectively, of 58.21 and 41.79%, pointing to the relationship of these values dependent on the crop.
Comparison of absolute values of crop coefficients with other studies should be done carefully. Regions hardly have exact same climate, soil and crop conditions, and the wide range of climatic types impose varied plant and atmosphere water demands, ultimately representing varied values of crop's coefficients across their cycles. However, the general tendency of high soil evaporation in the beginning of crop cycle and the high plant transpiration in the end of crop cycle is unanimous, regardless region and climate type (Ding et al., 2013; Martins et al., 2013; Zhao et al., 2013) .
For the present study, we were able to compare and quantitfy the magnitude of variation of evaporation and transpiration among different conditions of soil coverage in a tropical Cerrado condition. The treatment with larger amount of soil coverage provided greater water conservation in the assessed conditions, even with the higher plant transpiration. In practical terms, considering a planted area of 100 hectars of maize, with an average ETo of 3.41 mm day -1 , as in the assessed region, and the average Kc dual for uncovered, covered with 4 and with 8 t ha -1 of brachiaria of 1.25; 1.10 and 1.09, respectively, about 56,265,000 liters of water would be saved using 4 t ha -1 of coverage, while 60,016,000 liters of water could be saved when using 8 t ha -1 of coverage.
Maize productivity was also influenced by the use of soil cover; treatments that had coverage also had the highest yields, with values of 8264.67; 9929.18 and 9939.52 kg ha -1 for the treatments without soil cover, with 4 and 8 t ha -1 of brachiaria cover, respectively. Thus, the straw provided less water evaporation from the soil, making this resource available for cultivation and favoring its development, as stated by higher transpiration and crop yields.
Conclusions
During initial phases of crop development, the treatment without soil cover stands out from the rest with the highest evaporation rates.
Overall, the larger the amount of soil coverage, the higher was maize's transpiration rates and the lower was the soil evaporation rates.
Intermediate phase of crop development presented the highest transpiration and lowest soil evaporation rates in all soil cover treatments, indicating the importance of proper water management to achieve high yield levels.
Greater transpiration and lower soil evaporation rates resulted in relatively higher yields for the treatment with 8 t ha -1 of soil cover.
The treatment with largest amount of soil cover was identified as the best option to provide a relatively more ration use of water, while obtaining higher yields.
